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ABSTRACT . 

the intellectoal developarent of students as defined 
by Piagetian theory is discussed with the iaplications that the 
theory and recent research results apy have for teaching science. 
Becoanended is conducting saall, carefully planned investigations’ | 
that will‘lead to a better understanding off (1) what concepts cause 
probless and why; (2) what strategies will help in teaching these 
concepts; (3) what thinking students use as they approach typical 
srobleas; and (4%) how the thinking process can be iaproved. . 
Curtriculua changes, however, should not be rushed till Anforaation of 
this sort is available. (SL) 
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(Paper presented at the Piaget Symposium, ACS National Convention, New Orleans, 
iMarch 23, 1977) os 

By titling my paper, Suggestions for Inaction, I provide ample opportunity 
for being misunderstood.’ I really don't want to suggest that we make no attempt 


to apply Piaget's theory of intéllectual development to the teaching of chemistry. 


a merely: want to caution against certain kinds of action and argue for others. 


Let me begin by making a point that seemed unnecessary-until now. That 
point is that Piaget's theory is not a theory about instruction; i.e, it gle 
does not tell us how to go about benendny gcience or any other subject. 
Rather, it is a theory of intellectual development; i.e., it tells -us how 4 
the dutertact develops a infancy to adolescence. 


This is an important distinction. Piaget's theory may have implications 


"for teaching science but the theory is not one that finds direct application 


in developing teaching strategies. Tiare are necessary intervening steps. 

In essence, Piaget tells us that the intellect develops through certain 
stages which can be characterized by the reasoning exhibited at various ages. “8 
Further, he tells us that the order of this development is invariant; 1t.5° 


every individual appears to move from the sensory-motor stage of the infant 


f . 
_ to the pre-operational stage of the young child to the concrete operational 


stage of the elementary school student to the formal operational stage of the 


*+ adolescent. Even though the age at which an individual moves from one stage 


to the next may vary from culture to culture or from individual to individual, ' 


» 


z 


. the order of that development appears to be invariant. ore & 


a long way, from that inference to an understanding of what we can or should 


, a ee one has examined the reasonng characteristic of each stage, it is 
evident that there are some things that can be understood by a-person at if 
the formal operational level that cannot be uriderttond by a person at the a, | 
concrete operational level and so on down the scale. As a matter of fact, 
an analysis of what we teach in chemistry suggests that a large portion of 
these concepts and principles can oe understood only through formal operational 
thought. This, coupled with the large:-body of information suggesting that 50% 
of college freshmen do not usé formal operational thought, says that we have 
a problem. (McKinnon and Renner, 1971; Lovell, 1961; Elkind, 1962; Tower and 
Wheatley, 1971; Jackson, 1965; Tomlinson-Keasey, 1972) It does not say what 
we, should do about the problem. 

What .concerns me at ‘this® “point is that we may be trying to nove to quickly 
From an awareness. of Piaget's theory to’a solution based on’ his work. ‘The 
reason for such anxious movement is clear enough. The problem isn't new. 
We have known for a long’ time that many. students don't understand chemistry. 


We have.even known that ‘they have difficulty with proportional reasoning, 
y, ' . 1a - 


‘combinatorial reasoning; thinking in terms of possibilities rather than 


. e ai ‘ i ‘ 
observed reality, ‘controlling variables in an experiment, and reasonfing with 


abstract entities such as atoms, molecules, and ideal gases. The only thing 
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“new, is our ‘recognition of ‘the strong correlation between the reasoning that 


our students Find difficult.and the reasoning that Piaget describes as formal 
operational thought. We are almost impelled to the inference that many students 
have évoubTe with-chemistry because they have not developed intellectually to 
the level of formal ~egerat ions, ‘ (Herron, 1975, 1976) 


if happen to believe that we have drawn the correct inference but it is 


” 
- a 


do about it. It-is in the arena of where do we go from here" that I want 
to make some suggest ions for ‘tnaction. 
t, ; If one accepts that as many as 50% of ‘college freshmen do not cofsistently 
- use formal thought and. that much of what we hope to teach in chemistry requires A 
formal thought, one action might be to administer a test of intellectual -devel - 
Opment as a screening test for ‘enikanitnis students. Whether those caught by the 
screen are placed in remedial courses or denied admission to chentstey altogether 
would vary from gne school.to another. This is the first area in which I would 
counsel inaction. , 
Alt ugh it is probably ae that lack of intellectual development is one 
of the reasons that students have difficulty in chemistry, it would be naive 
to assume that it is the only reason. Students have difficulty because they 
—_ _have not developed. basic math skills, because they cannot read, because they 
have poor study habits, and because they aren't motivated. A perfect test 


of: intellectual development would not tap these sources of difficulty. Place- 


ment decisions made on the basis of such a test could be worse than decisions 
‘based on scores from tests such as the SAT or the Toledo Exam which probably 

tap some aspects of intellectual development as well as other -factors that I 

have mentioned. ; * 

If we had a test of intellectual development which could be administered 
easily and if that test were highly reliable and valid, it might contribute < . 
something to what we can learn from tests that are already being used but that 

fas yet to be established. or 
| When a group at the University of Nebraska (Albanese, et al., 1976) added 

items that they considered to be measures of intellectual development to a 

test used for placement purposes, the Piaget items did not contribute signifi- 


\ cantly to the predictive validity of the test. 
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‘ There are several Koaetbve explanations for this result, some of which « } 
I have discussed in an earlier paper (Herron, 1976). I will not go into them 
here. . , 
Before leaving the Albanese study 1 would Vike te speak to one question 
raised by that study-and that is just how much of the variance in student 
cehievmnant can be explained by intelectual setayeonent as measured iy a 
* test based on Piaget’ s theory. ‘Albanese, et al, ound that their Piagetian 
scales could account for only about 6% of the variance in course grades. 
(Ibid, p. 572) At the other extreme, Hammond's data (Hammond, 1974) suggest . 
that a battery of individually administered Piagetian tasks could accoynt for 
about .60% of the variance in grades. Most other data that I have seen fall 
between these extremes. ; 
sills reports several correlations between his written Piaget test and 
various measures of achievement. His sodiade coreslagtia: 1s 0.4 and thus 
accounts for something in the order of 16% of the variance in achievement. 
(Sills, 1977)’ Bauman reports substantial correlations between Piagetian : tos 
stage and grade but does not provide a.numerical value for the correlation. 
(Bauman, 1976} In a study just completed by one of my graduate students, we ; * 
found correlations between the Longeot test and first semester grades in two 
high school chemistry courses of 0.48 and 0.58. (Cantu and: Herron, 1977) 
“This corresponds to sik 30% of the variance in achievement. 
It seems clear that the amount of variance in course grade that: can.be © ° 
attributed to intellectual development as measured by a Piaget test will depend 
on the type of Piaget Kast ted the nature of the éeivse taught, and the 
_ instructor inthe course. As an average, we can probably assume that a good 
“Piaget test will account for somewhere between 20 and 40% of the variance in 


‘grades. This is important but not sufficient for sound placement decisions. 


e 
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y Most of us are not content’ with learning which students operate at the 
concrete operational level and which stddents operate at the formal level. 
We are, after all, chemistry teachers ‘and we want to teach chemistry. , if our 

_ Students use concrete operat ional thought, we want to téach them chemistry 

just the same. If we can do that without their developing formal operational 
thought, we are probably content to do as if we cannot, we want to make them 

, formal operational. sf 

Severa}' people, including the author, teach ‘courses which they hope will 
help poor chemistry students become good chemistry: students. This is not ae 

° : new phenomenon. Many junior colleges have been trying to - this for decades 

and most large universities have been making some effort in this area Jn the 

last 5-10 years. What is new is that more and more people seem to be: looking 

to Piaget for guidance. I am encouraged by this but hope that we will not be, © 
; naive about it. Nobody--including Piaget--knows how to take cotlege ehideties 

who aby not using formal operational thought and get them to the point that 

they are using formal bperat tonal thought tn a period of a year or less. 

Nobody’ knows how to teach students who are at the concrete, operdtional level, $ 

concepts and principles that are normally understood only by students who use 

formal operational thought. woe : 2 

I don't want to be too pessimistic. There are nadie who are doing 

things that appear to help. You have heard from several of ewe saints at 

this conference. Let me mention a few others. : 

‘ Arnold Arons has been teaching a physical science course for elementary 

education majors at the University of Washington for a number of years “how. 

He began teaching the course before he heard of, Piaget but he was clearly con- 


cerned about the same problems of intellectual development that we associate 


with formal operationgl thought and he recently discussed his course in terms 
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: + of Piaget's theory. (Arons, 1976) Arnold believes that he has made signifi- 
- cant progress with his .students and | agree. However, he doesn't help them ° 
all-in spite of his and their best efforts--and the progress that is made 
. does not come quickly or painlessly. Furthermore, his teaching style requires 
a teacher-student ratio that nite frighten the beléagered department chairman 
struggling with an anemic budget. — . ‘ 

Aron's course has been used at other institutions with about the same: - 
results that he has obtained. Van Neie teaches such a ener at Purdue and 
Dick Dilling has’ used a similar course at Grace College with encouraging results. 
(Dilling, 1977) | * 

Many of you have probably heard.of the ADAPT Project at the University of 
Nebraska. In that program, a group of entering students were invited to parti- 
cipate in a special program developed to enhance théir intellectual deve lopnant, 
+ Evaluation of a complex program such as ADAPT is difficult but the data collected ‘ 

suggest that the initial effort produced some fnew inert even'though it was 

* not spectacular. (ADAPT, 1976) 
Robert Bauman at the University of Alabama in Birmingham has reported on 
work that Ke has done in physics ‘that he finds encouraging. (Bauman, undated) 

e Back in the '60's Robert Karplus began developing an elementary science 
program, SCIS, which was influenced by Piaget's ideas concerning intellectual 
development. A learning cycle of exploration, invention, and discovery was 
developed as part of “that project and appeared to be effective. Karplus and 
r his associates have since advocated the same kind of learning cycle for instruc- 

* tion at more advanced levels. It is this learning cycle that provided the. 
rationale for curricular development at ADAPT and they seem to attribute much 


2 of their success to it. I know of no hard evidence that the learning cycle © 


. will work miracles but it does provide a place to start. 
| = 
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‘The Essig problem with ali of thése efforts is: that they only suggest a 
place to start. They dip not provide enough information about the variables 
that contribute to success or failure to enable.some other person to-build a 

“different course for a different group of students in a different instructional 
setting and have. great cantidente that it will work. ; 
Let me elaborate. There is a common chgracteristic of the course taught 
be Arons, the work of Karplus, the ADAPT Project, and Bauman's work. What 
is common is that students begin their study of a new idea with some kind. of 
concrete experience which enables them to observe phenomena directly. This 
is the exploration stage in the Karplus learning cycle.” Here a student might 
be given a battery, a bulb, and a wire with the’ instruction to see if they ° 
can make the bulb light. This exploration may be totally unstructured or may . 
-be guided by the teacher but the intent is for the student to observe what 
happens; to see that the bulb wil] light undef certain arrangements but not 
. Others, to ébaerve the brightness of the bulb when connected with other bulbs 
or batteries in various wayS, tOgobserve secondary effects such as wires 
getting hot, and so forth. © : : 
ft is not until the student has had an*opnettuntty to see what does 
happen and to try to "make sense" out of these observations using whatever 
intellectual skills he might have, that the instruction proceeds to the next 
stage. In the second stage, the teacher will intervene ‘to "invent" such 
jdane as "circuit", "complete circuit", "broken Sireni? “parallel circuit", 
and "series circuit". The ifivention stage might be demerttied as placing 
labels on the phenomena that the student has already observed. Some students 


may ‘have come up with the idea of circuit independently; others may have . 


simply observed that the bulb lights in some arrangements and not others but 
¥ 


not arrived at the generalization that there must be an unbroken path from 
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one end of the battery throughthe filament of the bulb to the: other end, of 
the battery. “The invention phase provides a generalization that accounts 
for the observations made during exploration and suggests further, planned 
observation, which can be used to test the validity of the generalization.: - 
This is the phase of instruction that Karplus originally described as "dis-_ 
covery" and the ADAPT people more appropriately label "application". 

Karplus, Arons, and others differ in the anoart of eiredtion that ‘they’ 
provide to students as they proceed through these stages of observing natural 
phenomena, trying to order those observat igns in’ some sensible. way, and finally, , 
checking the validity oF generalizations through further observation. However, 


they all begin with concrete experience’ and they all insist that the student 


“assume a major role in thinking through the experience and doing all that he 


can to order the information in a sensible way. -The teacher may call attention 


to observations that the student has missed, he may point out inconsistencies 


* between observations and suggested explanations, and he may provide commonly , 


accepted terms such as circuit for phenomena already observed, but he generally 
does not present. his own organtzation of ‘the observations and ask the student 
to accept it as established fact. 

The kind of teaching strategy that I have just described is consistent 
with Piaget's notions about how a person dev@¥ops from one stage of intellectual 
development to another. Piaget describes this process as equilibration or 
self-regulation and any introductory treatment of Piaget's theory will provide ? 


a discussion of how it takes place. co 
‘ 


Since this "learping cycle” is consistent with Piaget's theory of intel- .” 


lectual development and since the’efforts of Arons, Karplus and others who 


use this strategy show, some measure of success, I would be willing to argue | 


that this "learniag cycle" is a good place to start if we want to encourage 


‘@> 


intellectual development. I eae not argue that using’ the learning cycle 


will, necessar ify lead to fimiroved thought spat terns among students. 
-In its simplest interpretation, the ‘\Jearning cycle" eeeateny seems to, ; 
e be that we a by providing students with some kind of concrete experience, © 
encourage ivi to order that experience using whatever, intellectual skills 
they possess, and then try to encourage generalization of the abstracted prin- 
ciples to other areas. It may work providing we attend to” othér ‘variables at. 


’ 


the same time. : 

Gerald Kulm, mathematics educator at ers pacenttly completed a study 
that I‘ find interesting and significant. (Kulm, 1977) * Kulm teaches a math 
course for elementary, education majors. in which sian) oeudents emanate at the 

* concrete operational level. Kulm is-very much interested in math labs because 
they provide concrete experience which might make the abstract ideas of mathe- 
matics. ‘more feaningtut. He hypothesized that laboratory activities would 
probably be very ‘helpful to concret operational Students who are more *depen- 
dent on concrete experience for understanding, but that these laboratory 
experiences might be a waste of time for formal operational students who, 
‘supposedly, would be better prepared to handle the abstract presentation given 
in lecture. Certainly this is a reasonable hypothesis based on our aden: 
standing: of intellectual development as described by Piaget. 

Kulm classified his students as concrete or formal and then assigned 

“half of each group to either a laboratory class or a lecture elas. . 

Kulm's research hypothesis was that the concrete operational students 

in the laboratory program would score higher on an end-of-unit examination 


than -the concrete operational students in the lecture approach. The opposite 


was hypothesized for the formal operational students; i.e., that those in the 


\ 
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lecture section would score higher than those in the laboratory section. 
? ? : 


It didn't turn out that way. As a matter of fact, the results were just the 
“OEpOSINE as shown by Table 1. The formal operational. students in the .labor- 
" atory ‘section did ‘better — those ‘in the lecture section and the. concrete’ 

openat ional students” in the lecture section did better than those in the 


laboratory section. 


Table 1°" 
“Cell Means and Standard Deviations for Achievement Tests 


Treatment N Unit II Unit III Unit IV Unit V Achiev. .Retention 
Group” ; ; 


Lecture 8. -49 .76 90 39.44 41.74 
38) (2.09) 94) (6.42) | (6.25) 


Concrete . , .53 ‘7.85 .67 39.46 42.69 
7 Rr - 40) .35) 12) (5. (4.95) 


"Formal ‘ .38 7.54. .38 39.38 39.69 
. 38) .45) > (1.44) (8.09) (8.27) 


Laboratory 149.04 08 26 = 39.94 * 40.91 
" 35) 53) 78) (6.95) (9.34) 


Concrete a .64 .39 -12 (37.57 39,05 
.54) .89) .80) (7.82) (11.28) 


Forma] . 9, 60 05 35 © 43.25 43.50 _ 
‘75) "50) -83) (3.58) (4.79) 


* “ . 
A score of 3 or less out of 8 on the Formal Reasoning Test was used to 
classify subjects as concrete. - 


A summary of the analysis of variance for each achievement test is given 
in Table 2 


+ Table taken from Kulm, 1977. 
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Ma Table 2 t 


Analysis of Variance Summary for Achievement Tests 


Source df. Unit 11 Unit III Unit IV Unit V Achieve Retention $ 
Treatment 1 .50 °. 3.15 eS a2" 
Cog. Level 1 25. 2.14 2.54 55 5.029 
f . wk “2 ‘ * * 
Interaction” 1 5:86 | 3.48 3.77 24 4.01 «4.44 


Residual “85 


iS 
p < .025 


t Table taken from: Kulm, 1977. #2 
I think this result _is important if taken fir at face value. It provides 
ample reason. to be’ cautious about premature extrapolation from Piaget's theory 
-to classroom practice. The result is even more ° interesting when one tries to 
figure out what might account for the unexpected result. 
An examination of: the laboratory materials used in Kulm's study gives 


some indication of why he got his unexpected results: Appendix A shows the 


first laboratory activity used in Unit II and Appendix B shows the unit test. 


Unit II was on numeration systems and dealt with the meaning of state 
value through activities which required students to express quantities in 
numerals to bases other than the standard base of 10. As can be seen from 
the exercise shown in Appendix A, the laboretnty activity involved the use 
of physical systems as o_o fo the system of numeration under considera- 
tion. In the example shown, Dienes blocks were used to represent a base 6 


* 
system of numeration. 


\ 


. ¥ 
The blocks consist of a "unit" which measures 1 cm x 1 cm x Tcm, a "Tong" 


which measures 1 cm x 1 ¢m x 6 cm, a "flat" which measures 1 cm x 6 cm x 6 cm, 
and a ag which measures 6 cm x 6 cm x 6 cm. These correspond respectively 


| 12 ie | 7 = 


to 6°, 6’, 67, and 6°. 


" : - oe a 
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“ : : 
. | kulm describes his lecture activities as “a standard lecture-textbook 
i prkseatattoa® and it included activities somewhat like those implied by the - 
unit test shoo in Appendix B. 
An examination of. Table 1 indicates that the laboratory activities may ~ 
. | have helped. the formal operat fona] students but not the concrete operational 
gtudents. Why? The answer is that the laboratory activity is valuable ‘only h. 2 
( if the student sees a rejationship between the physical activity and the numer- . 
ation system that it, is intended to represent. In Srder to see such relation- “~ 
7 sips. the student must be able to abstract from the physical activity the form . 
— ‘of the logic that is inherent in that system and transfer that to the numerical 
maprasencatice of the system. . This. kind of. mental activity is characteristic 
. of formal operational thought but not concrete, operational thought. 
- It is quite likely that the concrete students in the lab saw two activities; 
prope was an activity with wooden blocks, the other was an activity with numbers. 
. 7 They probably saw them as unrelated. Consequently, the laboratory activity 
MS foe contributed little to their understanding of the ideas being taught. , The 
formal students, were abte to see this relationship between numerical and 
physfcal representation, however, and the conerete referent helped them 
understand the ‘ides of place value which is at the root 4 the activity. 
‘+ The difference in achievement in the lecture section is more anf ieute 
ed : to explain. The most plausible explanation is the one offered by sia. “He 
suggests that the formal students may have been bored, by the tecture approach 
which was basically algorithmic. They may not have practiced ‘the’ homework - 
assignments as much as the concrete students because they already understood ’ 


i the principle, and when they came to the test, they made more computatfonel™ . 


ee: 
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i The point that I wish to make in regard to this study is that we cannot 
“assume that a laboratory activity, requires no more than concrete operational 
thought or that a particular apes experience will help a student who, 
operates at the concrete operat tonal tevel. Providing students with “concrete, 
. experience? will have no value if formal operational thought 1s. needed in a 
» to make sense out of the experience. ; 
My interpretation of Kulm’ s experimental result grows out of experience ° 
in teaching ‘science to conerete operational students. * wed, teacher Ihave’ .. 
frequently been frustrated byemy- efforts to make some principle or ski] mean- 2 
‘Angful through use of analogies. They TROQUENELY don't work. 
I must be careful here. to make a distinction between analogies which are: 
‘of little value in teaching soneréts operat ond students and ‘illustrations 
which have considerable value. , . ‘ , 
a If one wants to teach ihe principle that compounds called indicators 
ae have different colors in acid and base solutions, an illustration is easily 
given. One simply adds an indicator to an acid ‘ne a base and perhaps fours 
the sehutdons back and forth to show the aii change. There is no ‘problem 
here. " are dea) ing. with cient observation and the Scdioret tis is Mireenly ‘ 


+ 


related to the idea being taught, *e 4 


a 


We fare a different situation when we want to teach the difference in a 
sty 


weak acid ne a strong acids The key idea here that some acids are com- 
wo pletely dissociated while others are not. There {is no way to illustrate 
dissociation; we a nagnity sgluttons of acetic acid and hydrochloric acid ~ 0 
and ‘invite our students~to ‘count. the number of, molecules that are still intact. 
The best that we can do is show Some physical woe’ or hypothetical picture of 


the system and suggest that reality is analogous .to the.model. We have not 


14, 


iNustrated athat* happens; we have provided an ana logy. to what happens. In 

this instance, the aly may ‘be sufficiently close to reality that concrete 

operational students accept the analogy as an illustration--that is, as a 

. picture of the real system. If so, the analogy may be of some help but other © 

analogies require, far more extrapolation and seem to be of no yalue whatsoever. 
In trying ‘to get students to understand, how a double pan balance operates, 

I have had Students explore @ a meter stick balance and then used it-a’ss an anileg 


of the double pan balance. Typical concrete operational students see no rela 


Te tionship. -In teaching student's to solve stoichiometric problems such. as, 


“One mole of sodium weighs 23 g. How many moles of sodium weigh 254 g?” I 


often begin with an analogous problem closer to their’ experience; e.g., "One 


dozen eggs cost 82¢. How mahy dozen eggs cost 532¢?" Students. often see no 


connection between the problems . : J 
The most elaborate analogs that I have used is one in i nuts 
and bolts to’ represent atoms, calculated the relative weights of these "model , 
atoms", used them to make "molecules", and had students calculate the empirical 

formula for samples of ‘such "compounds" as a prelude to the same kind of 


activity with real Compounds . Most a Caictenis saw no relationship between the 


futs and bolts and atoms and molecules. 

_ Tam not ready to say that concrete ‘nailer for abstract mathematica] ) 
relationships or abstract models of chemical systems cannot be used effectively 
to help concrete operational students but I am vuxtly to say that F do not know 
how to do that consistently and I don't know anybody else who khows how to do 
it consistently. Until we jean how to, do it, people who assume that any 

omnes experience will help concrete operational “students are in for a- 


rude awakening. 


o 
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All of us know that students don't have trouble with all of the ideas 
that we teach in chemistry. However, I am not sure that we have given sufficient 
sttantton to the ideas that do cause spt eas and the reasons that they cause 
preblems. It seems to me that we. need some kind of taxonomy of chemica) concepts 
that allows wih shige in advance that a student at the concrete operational , 
level is likely ‘to encounter difficulty. 1 have-begun working on such a taxonomy 
and ‘vould Vike to share some of the ideas that seem to be useful at this time. 
* (Herron, jn craves F a 

$e far we have del ineated three classes of- concepts, those that have 

perceptibfe examples and perceptible attributes, those that have perceptible 
examples but no perceptible attributes, ahd those that have neither pareentible 
examples nor perceptible attributes. Concepts that have perceptible peels 

and perceptible attributes may —e of as “concrete concepts" because 


they are easily perceived. Solid and liquid are such concepts. One has no 


difficulty ‘showing numerous examples of sdlids or liquids. The examples are ‘ 


clearly perceptible. In similar fashion, one can demonstrate’ that solids hold 
their shape whereas liquids do not--the primary defining attribute of the 
concepts. Thus, the attributes of the concent are also perceptible. Such 
concepts are easily. learned by direct experience sala reasoning sade “ 

; characteristic of concrete operational thought. 

Concepts such as element and compound present different problems. Although’ 
one has no trouble showing examples of elements or compounds--i.eg., the examples 
are percept ible--one is hard put to shew what it is about a substance that . ” 
makes it an element or a compound ; 1.@ the attributes of the concept, are. . 


not perceptible. Concepts such as atom and molecule go one step further. 


In this case both the examples and. the attributes are imperceptible: 


16 a Boe 
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Concepts ‘that have imperceptible exampl ers imperceptible attributes, or 
both,, might be regarded as formal concepts. Such concepts cannot’ be Tearned 
through direct, concrete experience. It.1s quite likely that they cannot be — 

- totally understood without some “formal operational reasoning. , 
| ‘We have begun’ to .1ook ngre carefully at these hypoth es.” One of my 
doctoral students, Luis anita, and I developed six lessons over concepts that 
ranged from very concrete to very formal. These lessons were then taught to 
a group of high school students who had been classified as concrete operational 
; or forna} operational on- the basis of their performance on the Longeot ‘test. 
"cian, 1962, 1965) We hypothesized that there would be no difference in 
what was learned by the formayand concrete operattonad ‘students. when they 
studied concrete concepts’ but there sented be a significant difference when 


they studied formal concepts. . ee ee Pe H, 
The mean score for the concrete, and formal students on tests over each 
concept is shown in-.Table 3. | : . : 
‘table.3 
i Means and Mean Percents for’ Achfevenent Tests : owt 
Concrete Concepts A oo 
f Group Bg (Metal Acid-Base (operational) 


Concrete - x: ; 19.33 1s. 80” 


a 
Formal , 20.88 oa 
‘ 87 Ba 
. Formal Concepts 
‘Ideal Gas (examples) Ideal Gas Is Acid-Base - 
oO examples : Bronsted-Lowr. 


“Concrete . XK 14.75 12.15 13.33 
£67 3 5] 60 37 


Formal. . X17.31 | 15.92. . 19.75 
ce $72. 66 : 5 
j 
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" PfagetStheory to identify concepts which are 1 


17 . 


Althocgh dhe data do not support our hypothesis overwhelmingly, we are 
encouraged by the data. The difference in achievement on two of/ the concrete 
concepts, MIB and metal, is less than 10%. This difference is small enough | 
that we cannot rule out the possibility that. it occurred by chance alone. 

The difference in achievement on the third concept, an operational concept 
of acid and base, is large enough that we can.say that it is not due to chance. 


However, difficulties that occurred'when this concept was taught lead us to 
- ' . t ‘ye ‘ 


place less faith in that .result. 


4 


All of the lessons were taught during a 20 minute activity period and 


the test over the ila was administered during the same period. In- the lesson / 


over. acid and pase loperat onal) the student had to test a number of solutions 
with litmus, check their conductivity, and see if there was a reaction with: 
zinc which would produce hydrogen valk The concrete operational students were 


less organized than the formal operational students and several of them were 


rushed to finish the activity. It is quite possible that the result on this 


Tesson was due to factors -other: than difference in intellectual development. me 


‘It. is also possible. that experimental aspects of the lesson required a 


thought. We are not sure at. this ein. , G+" § 
What we are sure about is that the difference in achiefement tatelay oN 
scuba and formal shraittora'l students is much less when they stay concrete 


concepts than phen they study foraa] concepts. Isomer; ideal. gas, and the 


 Brénsted- ais concept of acid and base are all concepts it ‘lack pernephdhive 


instances, perceptible éuiclintes, or both. They are fy T concepts. The 


difference in achiepeatat on these formal concepts was Bout double: mie differ- 


74 
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ence in achievement on the concrete isegite? % 5 
, The significance of ‘this study is t is that it ai ge 


- 


ts that it may be possible to use 
ely to be difficult for concrete 


wr 


i" operational students to learn. Knowing this, we may be abte to restructure 
our courses so that these foncepts, are at least ‘postifoned until students hae 
ee a vocabulary and some bacle skills ‘that may make ‘these concepts 
more accessible. | ° . 
; We are, of course; anxtous to Vearn how al can make rom concepts 

understandable to students. | One aspect: of the: study that i have described 
touches on this question. 

I have suggested that many ‘concepts: aré difficult because they lack per- 

Pep ivy. instances or perceptible attributes or both. Ideal gas is just such’ 


: 


a. ‘concept. It js, if you wilt, a figment of bar {nagination. How can we make: ; 


,it real to. students? One strategy “is to use what, I have called ‘‘pseucin- examples". 
We show small BB's bouncing about in some kind of random Fashtor; we show what 
happens. when de apply pressure tg Sis wee of BB's; we draw i}tustrations. 
of BB's that are essentially eottt masses and show what we think would happen | 
when the pressure becomes vay great. These gre not illustrations that we 
are giving. They are not real examples of the behavior of an ideal gas. 

They are, IL suppose, a kind of .analogy. However, they are analogies that 
closely mimic the real thing. They are analogies like those often used in 

' mathematics--a dot on a oe of paper to represent a point, a mark on a sheet 


. of paper to represent a Vine, a figure made by connecting er of these 


' "lines". to represent a triangle. These representations are not the same as 


the concept being taught but they come so close that few students ever realize . 


that they are,not ui! examples of the concept. 

In this study we first taught the concept of an ideal gas using line. 
drawings to illustrate the behavior of an ideal gas and to contrast its 
‘behavior with that of a real gas. Concrete operational students who studied 


this lesson scored £1% on. the test following the lesson and formal operational | 
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students but left out the illustrations. In this'case, the mean for the 


. “concre Operational students was 51% and the mean for-the formal students 


was b&%- It Should be noted that the use of pseudo- examples improved the 
& 


performance of both formal and cencrete operational Students but the nen 


Thal 


se 


to be slightly greater for the cgncrete operational Students. This may 
‘not jalways be the case. Sheehan found that when he improved instructional 


if 
materials, formal ‘operational students benef ited more than concrete: opera 


. 


ti nal students. (Sheehan, 1970) . oe - Ps 


- beliade ‘that those of us who ‘see Piaget's teory of, intel ectisal develop 
nt as a guide for. improvement. of science instruction are looking jn the right 
irection. However, I bel feve that there ist arctic ‘gap between shat wp 
.+are able to learn from that theory and what we me know in order. to apply it 

in the classroom. I believe that there is ‘some danger that individuals who have 

not thought carefully through the ined teaktans of the, theory may rush into 
curriculum changes that will later prove to be futile and, in the, process, 
become disiNusioned about what might be done with more carat imestina 

_and develooment, ; ‘ ; 

I would like to encourage more people to engage in small, es planned 
investigations that. wit vent to a° siete aniarvtenttis of ae chemistry con-" 
cepts cause problems and wise what strotesfeshtin help us to teach these 


concepts and how; what thinking Students are/using as they approach typical 


« 


chemical problems and how it can be impriy x If ‘and when we hegin to accum- 
ulate information of this sort, ey “be ble to, plan our curricula on. the 
basis of sone Png other than jubiective a dgment and we may approach the 

happy ~ that all students can understand the science that we want to teach. 


ed 


iw a ee of a 


) a ag 


My suggestion then, is not actually a $uggestian for inaction. Rather, 
.it is‘a suggestion that the actions needed at this time are ones that. will 
provide more detailed information about how we can use knowledge concerning 
al ieee development to arrive at empirically proven generalizations 
concerning instruction. Then, -and only then, will we be close to solving: 


the frustrating. problem of teaching chemistry to students who are now unable 


~ to learn it. 
s 
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» Unit II Numeration Systems 


Objectives: _ 


"y Write yexpanded ‘numerais for a. decimal base numerals 
oe e ; b. .non-decimal base numerals 
Materials: Multibase blocks: base 6, 10° a 


- Procédures: 


"A. For the following explorations, use base 6 wood. 


a. Units réquircd to fori’ anc AOOB, es ; 
; longs requited to form 


ee ~ b. Units required to form one fut, 
rt ~ one flat, : 
c. Units required to fess one block, —__»_____. ; longs required to form 
onc block, 


2. Count out 17 units. By means of trading (units for longs, longs for Mats, etc.) 
express’ 17 in terms of the fewest number of picces of wood. How muny 


., blocks, flats, longs and units did you use? a+ blocks, 
. flats, -—-__-______ longs, »______- units. _ 
3 Follow the same procedure as in Question 2 for: 
» .& Munits = ——._——— blocks, _____. flats, 
; hc longs, —___+—— units. 
b Suite bine. as, % 
ot eet ION GS) one US: 
: ; — 
- 3 c. 143 units = _____ blocks, flats, 
——__—__—- longs, ~ units. 
d. . 746 units = —___ blocks, flats, 
longs, —____-__-_ units. 


| Give a “general tule for trading units for longs, longs ‘for fats, or flats for . 
blocks, in base 6. 


Uy 


“$: What base 6 numbers can be expressed j in terms of only: 

i a. Units? 
i See ee ek. ee rae ae Se meee 

c, Flats? 
-d 


a eT ON ON e 


ry 
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le, Determine the number of: < Ng AMS oa : a “ 


Blocks? —__ ee, Saw ad 


* 


6. What ‘base 6 pumbers can be expressed | in terms of: 
Longs and units only (at least one of each)? 

Flats and longs only? 
Flats, longs and units? 
Blocks and units? 
Blocks and longs? 
Blocks; longs and units? —— 
Blocks and flats? 

Blocks, flats and units? 
Blocks, flats and longs? 


re men Re ere 


yj. Blocks, flats, longs and units? Bscipctend 


my 


7. What is the largest base 6 aumbet which can ie expressed i in termis of units 
omy (that is, before. trading must occur)? Longs only? 
Flats only?___ Ss Blocks only? 


Answer Question 7 for the smallest base 6 number: ’ 
: 9 . ; 4 ate? 
nits only? —-—— Longs? —.__. Flats? a 


B.. meets 10° wood, answer Questions 1-8. 


e 


- 


. 
’ ° 


i > Generalize your answer to Questions 1, 4, 5, 6, 7 and 8 for any base b wood. 


‘ 
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. Appendix B ; ; ‘ = 
MATH 130 " 
‘ . ~ -Unit II Test 
ae Choose the one best answer _ each of the folowing. ; ; 
s 1. Which ‘ar inher ti ie a in ie. notation? ~ : ‘ 
(a) 5x10° + 2x10° + ox10° + initt + Antal & se1b . 
(bd) 5x6° + 9x6? + 0x6" + 1x6° + 6x6? + 3x62 | = 
, " .(c) 56° + 2x6" + Ox6? ta + 6x6! + 3x6° . : 
* aq) sxt0® + 2xt0> + oxid* + 1x10? + 4x10% + 3x10> oe 
(e) None of the above : . “ 


y 


+B Whtch-Atem-represents-3210"-+-2x10"-+ O10" 1 + 5109 + 2x10") + 4x10 ees 


in standard notation? 


(a) 3285.24 a : a 
a i (b) 32850.24 = ; ~- 
ri Seaman (c)— 328.524 Sees hee 25 ee Sa Set 
(d) .3285.024 « 
. fe) None of the above = . 


"3... Which of the following is equal to 162.2 
(a) 1212 . 


3 . ; e . ee 

(b) 66 ; 

(c) 232 

2 (4) 55 


» * feb BS 
é 


oe ‘ 
4. Choose the’ ftem which represents 123 10 ** a‘base seVen (7) numeral, 


(a) 234) 
(db) 324 
(4) 432 . : 


< (e) 232 


ee + @ 


es 2 ~~ 
: \ 


5. Choose the ‘item whtch aes 24814 as a base four (4) numeral. 
. (ay 332, . 


~ 


‘ (b) 3123, 
(c) 3320, 


i. wt Bz, 


(e) None of the above 


6. Choose the item which is the correct answer for one multiplication 
problem in base 5. ; 
(a) 1131, 342 ' 


(b) een : ‘ x 3, . ! 


ae TT mn OTE TT TS Le TTT 


(c) 1031, . 


(4) 2131, 


(e) None of the above 


e . . 
/ 7. Choose the ites which oe the correct answer is the addition problem 
4 in base 7. 


| . (a). 2451, . 


(b) 4151, . _ +562, 


Am (c) M121, 


(d) 1051, : , 
te) None of the above : y) 
8. Choose the, item which is the correct answer for the subtraction problem 


in base 6. A 
NX 
(a) 435, 512 oe 


2 
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(e) None of the above 
9. Construct a base six (6) addition table. 


10. Construct a base three (3) multiplication table, 


* « 
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